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Summary 
Five hundred patients with established, symptomatic limb joint OA have been recruited into an on-going prospective 
study of the natural history of the condition. Four hundred and fifteen patients (mean age 65.6 years, female to male 
ratio 2.05:1) were available for a full clinical and radiographic review 3 years after entry (mean entry to follow-up 
interval 37.6 months, range 31-41). The majority reported an overall worsening of their condition, although pain 
severity did not change. There was an overall increase in disability (Steinbrocker) and the use of walking aids in the 
group but 57 patients (13.7%) improved, 38 of whom had undergone joint surgery. There was a strong correlation 
between changes in different clinical outcome measures, but none of the baseline variables predicted change over 3 
years with the exception of an association between pain severity and subsequent surgery. One hundred and ninety-three 
of the 415 patients had knee joint disease at entry. One hundred and forty-five of these patients had knee radiographs 
and full clinical data available from both time points. Some change was seen in 85 of 276 evaluable tibiofemoral joints 
(30.1%), but only 10 patellofemoral joints. There was a strong correlation between changes in joint space, osteophyte 
and subchondral bone scelerosis. However, there was no correlation between radiographic and clinicalchanges. It is 
concluded that radiographic hange may not be a good surrogate for clinical outcome in established OA. This has 
implications for the design of long-term studies of possible structure modifying agents in OA. 
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Introduction 
THE OSTEOARTHRITIC disorders (OADs) are a 
heterogeneous group of condit ions which resul t  in 
s imi lar  pathological ,  rad iograph ic  and cl inical  
features [1]. The Bristol  'OA500' s tudy was 
establ ished in the late 1980s in order  to study 
disease heterogene i ty  and progress ion in a large 
group of people referred to a rheumato logy  center  
with symptomat icOADs [2]. Data  that  has emerged 
from this and other  cl inical  and epidemiological  
studies have made it c lear that  the site [joint(s)] 
involved with osteoarthr i t i s  (OA)d i f fe rent ia tes  
several  dist inct types of OAD [1-5]. Whi le con- 
s iderable progress has thus been made in respect  o 
disease heterogene i ty  the natura l  h is tory  of the 
OADs remains  to be elucidated. Rad iograph ic  
progress ion has been descr ibed at  the knee and 
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other  sites [6-8], but  few invest igators  have  
documented the c l in ical  changes  in OADs over  
t ime, or a t tempted  to re late  cl inical to radio- 
graphic  changes  over  t ime. 
Cross-sect ional ,  communi ty -based data suggests  
that  OADs are ext remely  common,  af fect ing some 
10% of adul ts  over  the age of 50 years [9]. This 
results  in a cons iderable  hea l th  burden  [10]. 
Communi ty  and hosp i ta l  based surveys  also 
suggest  that  the knee is the most  impor tant  site 
caus ing s igni f icant  pa in  and disabi l i ty [11, 12]. 
OADs are the main  cause for the large demand 
for hip and knee prostheses [13]; however ,  the 
cur rent  annua l  hip and knee rep lacement  rates  
mean that  only a smal l  p ropor t ion  of  those 
repor t ing  hip or knee pa in  in the communi ty  are 
coming to surgery  [14]. These data suggest  hat  the 
progress ion of OADs is also heterogeneous ,  wi th  
only a propor t ion  progress ing to severe disease. 
Recent  f indings ind icate that  both  bone sc int igra-  
phy [15] and some sero logica l  measures  [16, 17] may 
predict  the rate  of progress ion  of OADs at  the 
knee joint,  but  more descr ipt ive data are needed 
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to relate such findings to the overall spectrum 
of change seen in OADs, and to indicate whether 
any simple clinical or demographic findings 
might help predict progression and outcome. 
Furthermore, it is important to establish the 
relationship between clinical outcome and radio- 
graphic measures of change, which are the 
currently accepted measure of disease progression 
[18, 19]. 
The purpose of the work described in this paper 
was to determine the overall clinical changes een 
in the OA500 group over 3 years, with an emphasis 
on the functional outcome and need for surgical 
intervention or drug therapy. In addition, those in 
whom knee disease predominated~ have been 
separately analyzed in order to test the hypothesis 
that there is a direct relationship between clinical 
and radiographic hanges over time. 
Methods  
CL IN ICAL  DATA 
The entry criteria and data of the OA500 group 
have been described fully elsewhere [2]. Briefly, 
500 consecutive people seen at a rheumatology 
clinic with peripheral joint symptoms attr ibutable 
to radiographic evidence of OA at that joint site 
were recruited. Subsequently, local ethical com- 
mittee approval was obtained to recall this group 
of patients 3 years after entry for a review of the 
clinical and radiographic status of their OA. The 
clinical data was collected by the same observer 
(J.C.) on each occasion. The age, gender, height 
and weight of each person was recorded at 0 and 
3 years and the body mass index (BMI) calculated. 
Pain was recorded at each visit; overall joint pain 
was reported on a four point Likert scale (none, 
mild, moderate or severe) and pain at rest or at 
night being reported as present or absent. The 
Steinbrocker functional index [20], use of walking 
aids and any current medication was recorded on 
each occasion. Change in function and disability 
were assessed by two additional methods: two 
compromised functions were reported at entry and 
at review patients were asked if there had been any 
change in these designated problem activities; and 
at follow-up each patient was asked if their joint 
disease had affected any of five categories of 
activity described by Yelin and colleagues [21] 
(employment, household chores, leisure activity, 
shopping and errands, other). At review, patients 
were also asked if they considered both their 
overall rheumatic condition, and their worse 
affected joint to be the same, better or worse than 
at entry. 
RADIOGRAPHS 
In those in whom knee OA was present, knee 
radiographs were obtained at entry and at the 
3-year follow-up, using the same type of radio- 
graphic film and techniques. Standing anterio- 
posterior (AP) and lying lateral views (in 30 ° of 
flexion) were obtained. The films were blinded to 
patient identif ication and date and each set was 
then examined by a single observer (P.A.D.) whose 
intraobserver error in the assessment of osteo- 
phytes, joint space narrowing and sclerosis on 
knee radiographs varies from kappa values of 0.85 
(osteophyte) to 0.74 (sclerosis) [22]. Each of the 
three compartments of the knee joint (medial and 
lateral tibiofemoral and patellofemoral) were 
examined separa~tely. Subchondral sclerosis was 
recorded as present or absent and osteophytes 
were graded as 0~(absent), 1 (present) or 2 (severe). 
Jo int space narrowing at the patellofemoral joint 
was recorded as present or absent, whereas in the 
medial and lateral compartments a ruler measure- 
ment of the interbone'distance at the midpoint was 
recorded in millimeters. A change in the radio- 
graph was pre-defined as a change in 2 mm or more 
in the tibiofemoral joint space and a change in 
grade of the sclerosis or osteophytes, as described 
elsewhere [22]. 
STAT IST ICAL  ANALYS IS  
Statistical tests were performed as indicated 
in the results. Statistical significance was set at 
5% (two-tailed). 
Resu l ts  
DEMOGRAPHIC  DATA 
The 500 patients had a mean age of 65.3 years at 
entry (range 24-88 years) and the female:male ratio 
was 2.16 [2]. At the 3-year review, 26 patients 
(5.2%) were known to have died, 46 declined to 
attend and 13 were lost to follow-up, leaving 415 
(83%) available for review. The mean interval 
between the two data collection points was 37.6 
months (range 31-41 months), and at review the 
mean age of the 415 patients was 65.6 years and the 
female:to male ratio 2.05. A comparison of those 
reviewed at 3 years and those lost by 3 years is 
presented in Table I. 
Of the 415 patients available for review, 193 
had reported that one or both knees were their 
main symptomatic joint at entry. Complete paired 
radiographic and clinical data were available for 
both assessments in 145 of these cases. 
Osteoarthrit is and Cartilage Vol. 5, No. 2 89 
Table I 
Entry characteristics of 415 patients included at 3 year follow-up and 85 
lost to follow-up 
Follow-up Lost to follow-up 
(N= 415) (N= 85) 
Sex Male 135 (32.5%) 23 (27.1%) 
Female 280 (67.5%) 62 (72.9%) 
Age (years) Mean 62.6 68.3 
S.D. 11.7 12.5 
BMI* (kg/m) Mean 26.9 26.1 
S.D. 4.73 4.09 
Steinbrocker guide 1 60 (14.9%) 9 (10.7%) 
2 227 (56.3%) 35 (41.7%) 
3 105 (26.1%) 36 (42.9%) 
4 11 (2.7%) 4 (4.8%) 
Site of OAt Knee 276 (66.5%) 62 (72.9%) 
Hand 200 (48.1%) 46 (54.1%) 
Hip 84 (20.2%) 14 (16.5%) 
Other 64 (15.4%) 17 (20.0%) 
*Body mass index. 
tIndividuals may have OA at more than one site. 
CHANGES IN CLINICAL STATUS 
Patients were asked to indicate whether they 
thought their overall condition, their worst 
entry joint and up to two compromised functions 
were better, the same or worse than at entry 
(Table II). A significantly greater proportion 
indicated a change for the worse (rather than 
better) for all four features. Of the 415 patients 
at review, 243 (58.3%) reported an overall 
worsening of their OA, compared with 87 (21.0%) 
with no change and 85 (20.5% who reported 
an overall improvement. These figures related 
closely to the changes reported in the joint 
recorded as the worst affected by OA: 199 (48.3%) 
considered that this index joint was worse, 
• whereas 103 (25%) thought it had improved. Entry 
levels of pain, Steinbrocker grade and use of 
walking aids were compared with 3-year follow-up 
(Table III). There was no statistically signifi- 
cant change in the pain reported at entry 
compared with that recorded 3-years later in 
412 people (three with missing data, P=0.816, 
Wilcoxon one sample test). There was consider- 
able individual patient variation, many of 
the patients reporting a quite different level of 
pain at follow-up from that at entry. All measures 
of function showed an overall deterioration. The 
Steinbrocker score incresed by one grade in 
93 patients and by two grades in five over 3 
years: it worsened in 25.4% of patients, compared 
with 13.7% in whom the grading improved. There 
was also a statistically significant increase in the 
number of individuals using walking aids by 
follow-up. The designated compromised functions 
were also reported to have become increasingly 
difficult in more patients than those report ing 
improvement, and many people said that their 
arthrit is had adversely affected their lifestyle 
over the 3 years. However, as with pain, there was 
considerable individual variation, with marked 
improvements being reported by a minority of 
patients, not all of whom had undergone any 
major intervention, such as joint surgery. Drug 
Table II 
Patient reported change in overall condition;~worst affected joint and first and second 
compromised functions at baseline (N = 415) 
First Second 
Overall compromised compromised 
condition Worst joint function function 
Better 85 (20.0%) 103 (24.8%) 52 (13.3%) 47 (13.9%) 
Same 87 (21.0%) 111 (26.7%) 257 (65.6%) 215 (63.8%) 
Worse 243 (58.6%) 199 (48.0%) 83 (21.2%) 75 (22.2%) 
Unrecorded 0 0 23 78 
%2 (1 d.f.)* 76.1 31.6 7.1 6.4 
P-value < 0.001 < 0.001 0.008 0.011 
*Test of equal proportions in the 'Better' and 'Worse' categories. 
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Table III 
Change from entry: patient reported joint pain (overall, rest and night), Steinbroker 
grade, and use of walking aids 
Reported At 3 year 
overall level follow up 
of pain None Mild Moderate Severe Total 
At entry None 5 13 6 1 25 
Mild 8 51 56 19 134 
Moderate 6 34 78 29 147 
Severe 1 19 51 35 106 
Total 20 117 191 84 412 
P= 0.816, Wilcoxon signed rank test 
At 3 year 
follow-up 
Rest pain Present Absent Total 
At entry Present 136 57 193 
Absent 77 142 219 
Total 213 197 412 
~2= 2.99 (1 d.£) P=0.084, McNemar's test 
At 3 year 
follow-up 
Night pain Present Absent Total 
At entry Present 156 63 219 
Absent 64 125 189 
Total 220 188 408 
~2= 0.01 (1 d.£) P= 0.929, McNemar's test 
At 3 year 
Steinbrocker follow-up 
grade 1 2 3 4 Total 
At entry 1 20 33 4 0 38 
2 16 147 54 1 218 
3 2 28 64 6 100 
4 0 2 5 4 11 
Total 38 210 127 11 386 
P < 0.001, Wilcoxon signed rank test 
At 3 year 
Use of follow-up 
walking aids Used Not used Total 
At entry Used 111 12 123 
Not used 62 220 282 
Total 173 232 405 
~2= 333.8 (1 d.f.) P < 0.001, McNemar's test 
usage changed little, a l though there  was a smal l  
decrease in the number  of pat ients  using regu lar  
nonstero ida l  ant i - in f lammatory  drugs (236 of 
the 415 rev iewed pat ients  at  entry,  compared  
with 198 at 3 years), and at rev iew 89.3% of 
the group were tak ing  regu lar  medicat ion  of 
some sort  for their  arthr i t is .  The use of wa lk ing  
aids increased f rom 123 at entry  to 173 at  3 
years.  Seventy-s ix people underwent  jo int  surgery 
dur ing  the rev iew period, inc luding 43 hip replace- 
ments  and 12 knee replacements.  Of the 57 people 
in whom an improvement  in funct ion (Stein- 
brocker)  was recorded, 38 had undergone jo int  
surgery.  
RELAT IONSHIPS  BETWEEN ENTRY DATA AND 
CHANGES IN  CL IN ICAL  STATUS OVER THREE YEARS 
The data  were examined for basel ine predictors  
of change and for any stat ist ical ly  s igni f icant  
re lat ionsh ips  between the cl inical Outcomes 
measured  (Table IV). Logi t  models were con- 
s t ructed to fur ther  explore the possibi l i ty of 
basel ine predictors  of c l inical  change. These were 
const ructed us ing both  forward select ion and 
backwards  delet ion approaches.  The inferences 
were the same in each case. Progress ion of 
ar thr i t i s  was defined as a reported worsen ing 
of the overal l  condi t ion or of the index (worst 
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affected) joint, increase in pain, worsening of 
functional status, acquired use of walking aids, 
or intervention with major joint surgery. There 
were few significant associations between base- 
line variables and any of these five measures of 
progression. Women and older patients tended 
to report more worsening of their condition than 
males or those who were younger at entry, and 
those with severe pain at entry reported more 
progression of their overall condition than 
those with mild or moderate pain. As expected, 
high scores for pain or disability at entry were 
negatively associated with reported progression 
of the same feature at follow-up, because of 
the ceiling effect for the scores used. The logit 
models provided similar results to t~e univariate 
analyses of Table IV with respect to changes 
in overall joint pain and Steinbrocker grade. 
Women, those with rest pain at baseline and 
those with mild or no baseline joint pain, were 
more likely to report a worsening of their pain 
from entry to follow-up. The elderly and those 
with low Steinbrocker grades at entry were 
more likely to increase in Steinbrocker grade. 
However, using a logit model, only two baseline 
factors appeared to have independent effects on 
the reporting of overall condition. Men and 
those with lower reported initial pain levels, 
were more likely to report an improvement in 
overall condition than women and those with 
higher levels of pain. There were more striking 
positive associations between each of the different 
defined measures of disease progression: worsen- 
ing of the overall condition and of the worst 
affected joint were strongly associated (~2= 352.2, 
P< 0.001) as with an increase in Stein- 
brocker grade with both increased pain (~2= 14.0, 
P= 0.007) and use of more walking aids (~2= 17.8, 
P < 0.001). 
CHANGES IN KNEE RADIOGRAPHS 
Of the 145 knee OA patients in whom paired 
clinical and radiographic data were available for 
examination, seven had undergone knee surgery 
(unilateral in five), leaving 138 patients with knee 
OA for comparison of features at entry and at 3 
years. Change in the patellofemoral joint was only 
recorded in eight patiehts (loss of joint space in 
three, increased osteophyte formation in six and 
appearance of sclerosis in seven). Some change in 
the tibiofemoral joint was seen in 46 right knees 
and 39 left knees, and there was a significant 
association betw~ben changes on each side. The 
overall changes i in the tibiofemoral joint space 
width are show~ in Table V. Progression was 
defined as a change of 2 mm or more. As shown, 
this occurred in 29 knees in 21 patients (17 in 
the medial compartment and 12 in the lateral 
compartment), comp~/~:ed with an increase in joint 
space of 2 mm or more in nine cases (P < 0.001, 
Wilcoxon one sample ~est). A decrease in osteo- 
phyte size was seen in':~,:only one knee, whereas 
an increase was repor te~in  45 (28 in the lateral 
compartment and 17 medially). Of the 154 knees 
in which there was no subchondral sclerosis 
at entry, this was reported as positive in 12 at 
follow-up (eight in the lateral compartment, four 
medially). 
Those individuals that could not progress for a 
certain feature (e.g. those with an initial osteo- 
phyte score of '2') were not included for any 
analysis with respect to the progression of that 
feature compared with other features (Table VI). 
Table VI 
Decrease in joint space (mm) (a negative indicating an increase in joint space) and correlation between decrease 
and entry joint space (N = 145) 
Compartment 
Decrease (mm) Right lateral Right medial Left lateral Left medial 
-3 0 0 1 1 
-2 1 1 2 5 
-1 24 18 16 13 
0 63 63 70 84 
1 22 28 34 20 
2 8 9 5 7 
3 1 3 4 1 
4 3 0 1 1 
5 0 0 1 1 
Mean decrease (S.D.) 0.22 (1.05) 0.29 (0.92) 0.18 (1.07) 0.31 (1.06) 
One sample t-test P= 0.021 P < 0.001 P= 0.054 P < 0.001 
Rank correlation with -0.006 0.051 -0.094 0.035 
Entry joint space P = 0.949 P = 0.580 P = 0.279 P-- 0.688 
95% CI (-0.187, 0.176) (-0.132, 0.230) (-0.263, 0.080) (-0.139, 0.207) 
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Table VII 
Associations between radiographic progression (deterioration of joint space, increase in osteophytes and appearance of 
sclerosis) in the medial and lateral compartments in either knee and change in clinical features for those individuals with 
the knee as the index joint. An association was tested for using Fisher's exact test 
Overall condition Steinbrocker grade Overall joint pain 
Worse Better/same Worse Better/same Worse Better/same 
Joint space Medial Positive 5 3 1 7 1 7 
Negative 23 33 9 47 15 41 
P = 0.282 P = 1.0 P = 0.667 
Lateral Positive 2 9 2 9 1 15 
Negative 26 27 8 45 10 38 
P = 0.095 P -- 1.0 P = 0.265 
Osteophytes Medial Positive 5 3 1 7 1 7 
Negative 17 27 7 37 11 33 
P = 0.260 P = L0 P = 0.663 
Lateral Positive 4 9 3 10 2 11 
Negative , 17 19 5 31 7 29 
P = 0.304 P = 0.422 P = 1.0 
Sclerosis Medial Positive 3 0 1 2 0 3 
Negative 22 35 8 49 15 42 
P= 0.067 P= 0.391 P= 0.566 
Lateral Positive 1 1 2 0 0 2 
Negative 30 34 9 5.5 14 50 
P= 1.0 P= 0:026 P-- 1.0 
There  was a st rong assoc iat ion between jo int  space 
nar rowing  and increases in osteophyte size or the 
appearance  of sclerosis (Table VI). In addit ion, 
there was a stat ist ica l ly  s igni f icant  assoc iat ion 
between changes in the left and r ight  knees. 
RELAT IONSHIPS  BETWEEN CHANGES IN CL IN ICAL  
STATUS AND CHANGES IN KNEE RADIOGRAPHS 
The change in cl inical  s tatus  of the 90 pat ients  
with the knee as their  index joint, and in whom 
paired rad iographs  were avai lable,  was s imi lar  to 
those of the whole group: 42 reported an overal l  
deter iorat ion in their  knee jo ints  compared  wi th  
25 who reported an improvement ;  pa in  worsened 
in 35 and improved in 28, the Ste inbrocker  index 
increased in 15 and decreased in 19 and 18 reported 
an increased usage of wa lk ing  aids compared  with 
less use in four. 
However,  there  was l itt le evidence of any st rong 
assoc iat ions between any of the cl inical outcomes 
and any of the rad iograph ic  changes seen 
(Table VII). 
Discuss ion  
The Bristol  'OA500' was establ ished to help 
unrave l  the heterogenei ty  of OADs and descr ibe 
the natura l  h istory of these disorders. Data  
generated from this group are not genera l izable  
because the pat ients  represent  a h ighly selected 
group with wel l -establ ished and re lat ive ly  severe 
OA, referred to a special ist  rheumato logy  clinic. 
However,  it has generated  extensive cl in ical  and 
rad iograph ic  data, col lecte~ by the same observers,  
at two t ime points 3 years~apart ,  a l lowing us to 
descr ibe change and examine the data  for 
predict ive var iab les  and associat ions between 
changes in di f ferent features.  Over the 3-year study 
per iod a minor i ty  of older pat ients  died, resu l t ing  
in the mean age at entry  being pract ica l ly  the same 
as that  of the 415 pat ients  seen 3-years later.  
However,  there were no s igni f icant di f ferences 
between the group at  entry  and those ava i lab le  
for review, suggest ing that  this is an appropr ia te  
data base to use to explore change over  t ime. 
I t  is diff icult to define cl inical progress ion of 
OA, and the outcome measures  used in this 
study are not  those cur rent ly  recommended [23]. 
The study was des igned 10 years ago, before 
disease specif ic outcome measures,  such as the 
WOMAC [24] or Lequesne index [25] had been 
widely introduced. However ,  L iker t  pa in  and 
overal l  change scales remain  among the main  
recommended outcome measures  for use in OA 
[23], and a l though crude and not disease specific, 
the Ste inbrocker  index is a robust  measure  of 
disabil ity, and an a l terat ion  of grade ind icates  
a major  funct ional  change.  The other  def ined 
outcome measures  ind icat ing progress ion in this 
study were the use of ma jor  jo int  surgery  (which is 
easier  to in terpret  in a single center  study such as 
this one) and the use of walk ing aids. A wa lk ing  
aid might  improve pa in  and funct ion ra ther  than  
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being a measure of worsening; however, the fact 
that use of walking aids correlated strongly with 
an increase in ~ Steinbrocker index suggests that it 
way be a genuine measure of deterioration. The 
overall correlations between the different outcome 
measures also indicates that they can be used to 
differentiate patients who have progressed from 
those who have remained stable or improved. 
It is clear that this group of patients was 
severely affected by their OA at entry, and that 
their disability worsened over the 3-year period. 
Part of this overall deterioration could be related 
to age alone, although the type of change reported, 
such as a worsening of functions compromised by 
OA and consequent use of walking aids, in people 
with a mean age of only 66, suggests that the 
majority of the reported problems relate to the OA. 
Furthermore, the majority of patients reported 
that their arthritis had caused changes in lifestyle 
during the 3-year interval. Nearly half  of the group 
thought that their disease had further compro- 
mised leisure activities over the study period, and 
in 14.3% employment had been affected, although 
the absence of comparable data at entry makes it 
difficult to interpret these data, and the scale used 
did not allow for reporting of improvement. The 
extensive use of drugs, and relatively large number 
coming to surgery also emphasizes the severity 
and impact of OA on this group, although a 
weakness of the study is the fact that it was not 
possible to report on the usage of all interventions 
over the 3 years. For this reason, no attempt has 
been made to examine the influence of therapy 
on outcome. 
The data also indicate that the outcome was 
very heterogeneous. Although pain changed little 
overall; in individuals it varied greatly, some 
people reporting marked improvements. Similarly, 
a significant minority improved functionally. 
In some of these people improvement could be 
attributed to joint surgery, but others appeared 
to have had a spontaneous remission of pain and 
greatly improved function. 
One of the main aims of the study was to uncover 
variables that might help predict which patients 
with established OA will progress, compared with 
those who remain stable or improve. However, 
very few of the demographic or clinical features 
recorded at entry [2] were predictive of any change 
in the defined clinical outcome measures. One 
exception was the association between severe 
pain and subsequent joint surgery, which is likely 
explained by the fact that severe pain is the 
main indication for surgical intervention [26]. 
Severe pain at entry was also associated with more 
reporting of worsening of the overall condition. 
Older, female patients ter~ded to report more 
progression than younger, male patients, a finding 
which is consistent with the cross-sectional studies 
which have shown that older females tend to have 
the most severe outcomes in OA. 
Many of the patients in the OA500 study have 
multiple joint involvement [2]. This fact makes it 
difficult to relate radiographic hange to clinical 
outcome, or to define the reasons for changes in 
pain or function. However, because the knee joint 
was the site most often affected alone and because 
the knee is the most important site in terms of 
the health burden caused by OA [9, 10], those 
patients with primary knee disease at entry were 
examined in more detail and the defined clinical 
outcome measures were correlated with radio- 
graphic change. Only 145 such patients were 
available for this part of the study because in the 
other 48 patients, data were missing (predomi- 
nantly the loss of one of the entry or follow-up 
radiographs). 
It is difficult to define radiographic progression 
of knee OA. The techniques used in this study 
are comparable with recently recommended stan- 
dards [23, 27], and progression has arbitrari ly been 
predefined as a change of grade of osteophyte 
formation or sclerosis, or a change of joint space 
width of 2 mm or more, on the basis that this size 
of change is unlikely to be due to measurement 
error or a change in radiographic positioning. 
The data indicate that osteophyte formation 
and sclerosis did not improve, and that  the joint 
space was more likely to narrow than to widen, 
although knees with varus or valgus deformities 
resulted in widening of one compartment as the 
other narrowed in some patients. A small number 
of knees appeared to have a genuine joint space 
widening over the 3 years, although whether this 
represents 'healing', as can occur in the hip is 
not clear. Overall, the type of changes seen in 
the radiographs, with many remaining stable, is 
compatible with other reports of kene OA patients 
X-rayed on more than one occasion, although the 
mean change of about 0.1 mm/annum in this group 
is~a little less than that reported on some other 
series [6, 7, 28-30]. 
Two further questions were asked of the radio- 
graphic changes at the knee joint. First whether 
the observed change in joint space width corre- 
lated with the changes in bone (osteophyte and 
subchondral sclerosis), and second whether adio- 
graphic progression correlated with clinical 
measures of progression. The answer to the first 
question appears to be yes, and to the second 
no. The strong associations between joint space 
narrowing and increased bone formation is 
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compatible with other data which indicate that 
bone and carti lage changes go together in OA [15]. 
The lack of any correlat ion between radiographic 
change and clinical outcome is an imp0rtarit 
finding. It is well known that there is a discrepancy 
between clinical and radiographic changes in 
cross-sectional studies, and one previous longitudi- 
nal study [30] has found a similar lack of 
correlation between X-ray change and clinical 
progression. It may be that the finding is explained 
by methodological problems, such as the relatively 
small amount of X-ray changes een, and the fact 
that the amount and type of radiographic hange 
recorded may be a poor reflection of morphological 
changes in the joint. An alternative xplanation is
that the clinical and X-ray changes are out of 
phase with each other in the progression of OA. 
Both knee pain and disability are influenced by 
factors other than joint damage, including psycho- 
social status [32, 33] and muscle strength [34]. In 
patients of the sort included in the OA500 study it 
may be that once the joint damage has developed, 
that further modest changes in joint morphology, 
either for better or worse, are relatively unimpor- 
tant, and that other factors dominate the clinical 
outcome. If this is the case, the current emphasis 
on using radiographic measures as the best way of 
assessing slow-acting or disease modifying agents 
for OA may be inappropriate if a good outcome for 
the patient with well-established OA is the major 
aim of therapy. 
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